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PART I 

1. INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  r e s u l t s  o b t a i n e d  d u r i n g  t h e  s i x  month 

p e r i o d  from May t o  O c t o b e r ,  1981 i n  t h e  s t u d i e s  o f  sound 

t r a n s m i s s i o n  th rough  l i g h t  a i r c r a f t  walls. T h i s  r e p o r t  d i s c u s s e s  

work which h a s  been conducted  s i n c e  t h e  f i r s t  Annual Repor t  which 

was s u b m i t t e d  i n  August 1981 (1). 

The SEA t h e o r y  was used t o  d e v e l o p  a t h e o r e t i c a l  model t o  

p r e d i c t  t h e  t r a n s m i s s i o n  10SS t h r o u g h  a n  a i r c r a f t  window. 

work m a i n l y  c o n s i s t e d  of  t h e  w r i t i n g  o f  two computer programs. 

One program p r e d i c t s  t h e  sound t r a n s m i s s i o n  th rough  a p l e x i q l a s s  

window ( t h e  case o f  a s i n g l e  p a r t i t i o n ) .  The o t h e r  program 

a p p l i e s  t o  t h e  case of a p l e x i g l a s s  window w i t h  a wirtdow s h a d e  

added ( t h e  c a s e  of a doub le  p a r t i t i o n  wi th  an a i r  g a p ) .  

n i s  

I n  t h e  e x p e r i m e n t a l  s t u d i e s ,  t h e  sound t r a n s m i s s i o n  t h r o u g h  

a s t r u c t u r e  was measured us ing  s e v e r a l  d i f f e r e n t  methods i n  o r d e r  

t h a t  t h e  a c c u r a c y  and c o m p l e x i t y  of  a l l  t h e  methods c o u l d  be com- 

p a r e d .  Also ,  t h e  measurements were conducted  on t h e  s i m p l e  model 

of  a f u s e l a g e  ( a  c y l i n d r i c a l  s h e l l ) ,  and on a r e a l  a i r c r a f t  

Euselage a s  well. 

2 .  THEORETICAL STUDIES 

A t h e o r e t i c a l  model t o  p r e d i c t  t h e  sound t r a n s m i s s i o n  

th rough  an a i r c r a f t  window h a s  been developed  by u s i n g  SEA 
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t h e o r y .  The main i d e a  o f  t h i s  model is o b t a i n e d  from t h e  t h e o r y  

d e s c r i b e d  i n  two Crocker  and P r i c e  p a p e r s  [2,3]. Two computer 

programs have  been w r i t t e n  t o  c a l c u l a t e  t h e  t r a n s m i s s i o n  loss of 

s i n g l e  and d o u b l e  p a n e l s  based  on t h e  SEA t h e o r y .  The s i n g l e  

p a n e l  case was a p p l i e d  t o  t h e  p l e x i g l a s s  window on  t h e  f u s e l a g e .  

F i g u r e  1 shows t h a t  v e r y  good agreement  is a c h i e v e d  between 

e x p e r i m e n t a l  d a t a  and t h e o r y .  The computer  program, which 

p r e d i c t s  t h e  t r a n s m i s s i o n  l o s s  t h r o u g h  d o u b l e  p a n e l s ,  is used for 

t h e  c a s e  when a window s h a d e  is added t o  t h e  p l e x i g l a s s  window of 

t h e  a i r c r a f t  under i n v e s t i g a t i o n .  The t h e o r e t i c a l  p r e d i c t i o n  and 

t h e  e x p e r i m e n t a l  r e s u l t s  a r e  shown i n  F i g u r e  2. I t  s h o u l d  be 

no ted  t h a t  t h e  good agreement  o b t a i n e d  i n  F i g u r e s  1 and 2 i n d i -  

cates t h a t  t h e  p l e x i g l a s s  window is a c t i n g  l i k e  a f l a t  p a n e l  

though i t  is s l i g h t l y  curved .  

3 .  EXPERIMENTAL RESULTS 

The fo l lowing  three  a s p e c t s  o f  t h e  sound t r a n s m i s s i o n  

t h r o u g h  a s t r u c t u r e  have been s t u d i e d  e x p e r i m e n t a l l y :  

Sound t r a n s m i s s i o n  th rough  a c y l i n d r i c a l  s h e l l  i n  t h e  inward 

and outward d i r e c t i o n s .  

Sound t r a n s m i s s i o n  th rough  a c y l i n d r i c a l  s h e l l  measured by 

t h e  c o n v e n t i o n a l  t r a n s m i s s i o n  s u i t e  method. 

Sound t r a n s m i s s i o n  th rough  an a i r c r a f t  f u s e l a g e .  



- 3 -  

3.1 Sound Transmission Through a Cylindrical Shell 

Sound transmission through a cylindrical shell in the out- 

ward direction was measured and presented in the previous report 

[ll. It was noticed that in the low frequency region, the inte-  

rior volume of the cylinder can hardly be approximated by an 

acoustic reverberant field. In order to improve the measute- 

ments, a large amount of wedge-shaped fiberglass was placed 

inside the cylinder to make the interior volume approximate an 

acoustical free-field. Two microphones were installed inside the 

cylinder to measure the sound intensity transmitted into the 

cy1 inder . The cy1 inder was suspended in the reverberation room 

and a diffuse sound field was created in the room. The results 

from this set-up were compared to those from the previous set-up 

vJhere the sound source was installed in the cylinder which was 

situated in the anechoic room. In the frequency range -hove 1500 

H z ,  Figure 3 shows that very good agreement was obtained between 

the cylinder transmission losses for the sound field approaching 

the cylinder in the two directions. It should be noted that this 

result was hoped for, since in each case a diffuse randomly 

incident sound field approaches the cylinder and is transmitted 

to an anechoic receiving space. In the lower frequency region, 

since it is easier to create a low frequency reverberation field 

in a reverberation room than in the cylinder interior, it is 

oelieved that the results obtained from the present set-up are 

better than those from the previous set-up. 
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3.2 T r a n s m i s s i o n  S u i t e  Method 

An a l t e r n a t i v e  method t o  measure t h e  transmission loss of a 

s t r u c t u r e ,  o t h e r  t h a n  t h e  two microphone i n t e n s i t y  method, is the 

t r a n s m i s s i o n  s u i t e  method. I t  is a w i d e l y  used method and 

r e q u i r e s  two r e v e r b e r a n t  f i e l d s  t o  be created. IR o u r  experi-  

ment ,  t h e  c y l i n d e r  was p l a c e d  i n  a d i f f u s e  r e v e r b e r a n t  f i e l d  i n  

t h e  r e v e r b e r a t i o n  room. I n  t h i s  t r a n s m i s s i o n  s u i t e  approach ,  a 

ser ies  o f  measurements m u s t  be made i n c l u d i n g :  t h e  s p a t i a l l y -  

a v e r a g e d  sound p r e s s u r e  l e v e l s  i n s i d e  and o u t s i d e  t h e  c y l i n d e r ,  

and t h e  r e v e r b e r a t i o n  time o f  t h e  i n t e r i o r  volume o f  t h e  

c y l i n d e r .  The sound t r a n s m i s s i o n  l o s s  (TL) is t h e n  c a l c u l a t e d  

from t h e  n o i s e  r e d u c t i o n  (NR) which is d e f i n e d  a s  t h e  d i f f e r e n c e  

i n  sound pressure l e v e l s  between t h e  i n t e r i o r  and ex te r io r  sound 

f i e l d s  of  t h e  c y l i n d e r .  The t r a n s n i s s i o n  l o s s  mezsured from t h i s  

method compared wel l  w i t h  t h a t  Q b t a i n e d  from t h e  two-microphone 

i n t e n s i t y  method a s  is shown i n  F i g u r e  4 .  The agreement  between 

t h e  two methods g i v e s  a check and f u r t h e r  conf ider .ce  i n  t h e  two- 

microphone i n t e n s i t y  method, which is c o n s i d e r e d  t o  b e  a much 

s i m p l e r  measurement p rocedure .  

3.3 Sound T r a n s m i s s i o n  Through F u s e l a g e  

The sound t r a n s m i s s i o n  th rough  a P i p e r  Chcrokee a i r c r a f t  

f u s e l a g e  (Model PA 28-140) was measured. T h e  f u s e l a g e  was 

suspended i n  t h e  r e v e r b e r a t i o n  room d u r i n g  t h e  measurements,  and 

t h e  t r a n s m i s s i o n  losses  t h r o u g h  d i f f e r e n t  s e c t i o n s  of t h e  

f u s e l a g e  were de termined .  As shown i n  F i g u r e  5 ,  t h e  t r a n s m i s s i o n  
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l o s s  o f  t h e  pane l  ( w i t h  t h e  i n t e r i o r  trim) is g r e a t e r  t h a n  t h a t  

o f  t h e  p l e x i q l a s s  window i n  t h e  h i g h e r  p a r t  of t h e  f r e q u e n c y  

r e g i o n  shown. Measurements were a l s o  made on t h e  b a r e  sluminum 

p a n e l  when t h e  trim and f i b e r g l a s s  s p a c e r  were removed. I n  t h i s  

case, t h e  t r a n s m i s s i o n  loss  was a b o u t  t h e  same f o r  t h e  b a r e  p a n e l  

a s  f o r  t h e  p l e x i g l a s s  window, A b r i e f  s t u d y  was made of t h e  

transmission loss of  t h e  door  slit .  I t  is shown i n  F i g u r e  6 t h a t  

h i g h  f r equency  n o i s e  seems main ly  t o  p a s s  th rough  t h e  door sli t  

r a t h e r  t h a n  th rough  t h e  door  p a n e l .  
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PART I f  

1, INTRODUCTION 

T h i s  p a r t  o f  t h e  report is concerned  w i t h  t h e  c o n t i n u i n g  

p r o g r e s s  made i n  t h e  t r a n s m i s s i o n  s t u d i e s  of t h e  homogeneous, 

composite and s t i f f e n e d  p a n e l s  a s  w e l l  a s  t h e  sound t r a n s m i s s i o n  

i n t o  a small e n c l o s u r e  th rough  a s t i f f e n e d  pane l  c o v e r i n g  one  

s i d e  of t h e  e n c l o s u r e ,  

During t h e  past s i x  months,  A p r i l  t o  October  1981, m o s t l y  

e x p e r i m e n t a l  w o r k  was c a r r i e d  o u t .  A f t e r  w r i t i n g  up t h e  Annual 

Repor t  [ l ] ,  t h i s  p e r i o d  began w i t h  sound t r a n s m i s s i o n  s t u d i e s  o n  

t h e  s t i f f e - l e d  panel  exposed t o  narrow band e x c i t a t i o n .  Then 

s o f t w a r e  was deve loped  and used t o  measure t h e  r a d i a t i o n  e f f i -  

c i e n c y  of  a homogeneous p a n e l .  T h i s  work w 3 s  f o i l cwed  by a set  

o f  measurements on t h e  sound t r a n s m i s s i o n  th rough  a s t i f f e n e d  

p a n e l  ( 1 1  i n t o  a sma l l  e n c l o s u r e ,  f o r  t h e  case of  broad band 

e x c i t a t i o n .  L a s t l y ,  a package o f  s o f t w a r e  t o  measure t h e  inter- 

n a l  loss f a c t o r  by u s e  of t h e  a c o u s t i c  i n t e n s i t y  t e c h n i q u e  was 

d l s o  written.  These e f f o r t s  a r e  now b r i e f l y  d e s c r i b e d .  

2. SOUND TRANSMISSION O F  A S T I F F E N E D  PANEL SUBJECT - TO NARROW -- - 
BAND E X C I T A T I O N  - 

I n  t h e  p r e v i o u s  r e p o r t  (11, a new t e c h n i q u e  f o r  measur ing  

t h e  t r a n s m i s s i o n  loss o f  pane l  s t ruc tures  was p r e s e n t e d .  In t h i s  

t e c h n i q u e ,  pane l  s t r u c t u r e s  a r e  mounted i n  a small window on one 
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o f  t h e  walls of a l a r g e  r e v e r b e r a t i o n  room, w i t h  t h e  exterior 

s i d e  o f  t h e  p a n e l  f a c i n g  t h e  i n t e r i o r  space o f  t h e  room. The 

i n t e r i o r  sound f i e l d  was, f o r  f r e q u e n c i e s  above  a b o u t  200 Hz, 

c o n s i d e r e d  to  be d i f f u s e .  T h i s  type o f  exc i ta t ion  f i e l d  was 

chosen  f o r  t h r e e  r e a s o n s .  F i r s t l y ,  t h i s  would e n a b l e  a n  a d e q u a t e  

compar ison  t o  be  made between r e s u l t s  o b t a i n e d  from t h e  new tech-  

n i q u e  and t h o s e  from t h e  c o n v e n t i o n a l  t r a n s m i s s i o n  s u i t e  method. 

I n  t h e  c o n v e n t i o n a l  t r a n s m i s s i o n  s u i t e  method, r e v e r b e r a n t  f i e l d s  

a r e  assumed t o  be c r e a t e d  i n s i d e  b o t h  t h e  s o u r c e  and r e c e i v i n g  

roams. Secondly ,  u s i n g  t h i s  type o f  e x c i t a t i o n ,  b o t h  t h e  space 

and panel  s t r u c t u r e  would p o s s e s s  d i f f u s e  f i e l d s .  T h i s  s i t u a t i o n  

is d e s i r e d  f o r  t h e  compar ison  w i t h  t h e  SEA p r e d i c t i o n .  T h i r d l y ,  

a d i f f u s e  r e v e r b e r a n t  sound f i e l d  is t h e  o n l y  sound f i e l d  which 

i t  is r e l a t i v e l y  e a s y  t o  create i n  p r a c t i c e  i n  t h e  l a b o r a t o r y  

w i t h  c o n f i d e n c e .  However, t h i s  t y p e  o f  e x c i t a t i o n  is q u i t e  d i f -  

f e r e n t  from t h e  a c t u a l  sound f i e l d  i n c i d e n t  on  a r e a l  f u s e l a g e .  

Such a real sound f i e l d  is c h a r a c t e r i z e d  by d i s c r e t e  f r equency  

peaks  of  v e r y  h i g h  sound p r e s s u r e  l e v e l ,  w i t h  a s p a c i n g  i n  t h e  

f r e q u e n c y  domain c o n t r o l l e d  by t h e  b l a d e  p a s s a g e  f r equency  and 

m u l t i p l e s  [ 2 ] .  In  o r d e r  t o  i n v e s t i g a t e  t h e  per formance  o f  t h e  

new t e c h n i q u e  i n  t h e  p r e s e n c e  of  a r e a l i s t i c  e x c i t a t i o n ,  t h e  

t r a n s m i s s i o n  l o s s  of  one o f  t h e  p a n e l s ,  t h e  s t i f f e n e d  p a n e l ,  was 

measured f o r  a narrow band e x c i t a t i o n .  In  t h i s  c a s e ,  t h e  sound 

f i e l d  was produced by p a s s i n g  a narrow band s i g n a l  from a BK 1022 

b e a t  f r equency  o s c i l l a t o r  v i a  an  a m p l i f i e r  t o  a l o u d s p e a k e r  posi- 

t i o n e d  i n  a c o r n e r  i n s i d e  t h e  r e v e r b e r a t i o n  room. The  f r equency  

was moni tored  wi th  a s e p i r r a t e  f r equency  c o u n t e r .  The i n c i d e n t  
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i n t e n s i t y  on t h e  p a n e l ,  was o b t a i n e d  from t h e  au to-spec t rum of 

t h e  p r e s s u r e  s i g n a l  o f  a microphone mounted o n  a r o t a t i n g  boom 

p l a c e d  i n  t h e  c e n t e r  o f  t h e  room. The boom was r o t a t e d  i n  a 

n o n - h o r i z o n t a l  p l ane .  The  t r a n s m i t t e d  i n t e n s i t y  was measured by 

sweeping t h e  i n t e n s i t y  probe  wi th  an approx ima te  speed  of 4 

mm/sec v e r y  close t o  a f i n e  mesh of sewing t h r e a d ,  forming a 

p l a n e  o u t s i d e  t h e  chatrnel beams [ l ] .  The i n t e n s i t y  probe  con- 

s i s t e d  of  t w o  BK 4165 microphones  i n  a s i d e  by s i d e  c o n f i g u r a -  

t i o n .  The r e s u l t ,  shown i n  F i g u r e  1, cons is t s  of super-imposed 

SEA p r e d i c t i o n s  of and measurements  o b t a i n e d  f o r  broad band and 

p u r e  t o n e  e x c i t a t i o n .  I t  can b e  s e e n  t h a t  t h e  measured v a l u e s  

f o r  bo th  t y p e s  o f  e x c i t a t i o n  are  i n  c l o s e  agreement  w i t h  t h e  

p r e d i c t e d  t r a n s m i s s i o n  th roughou t  most of  t h e  f r equency  r e g i o n .  

A l l  measured v a l u e s ,  e x c e p t  t h e  lower v a l u e s  a t  80 and 100  Hz, 

were o b t a i n e d  w i t h  a microphone s p a c i n g  of  1 3  mm. I n  o r d e r  t o  

a c h i e v e  b e t t e r  agreement  a t  80 and 100 Hz, t h e  mi( .?phone s p a c i n g  

was i n c r e a s e d  t o  74 mm. 

I t  might  be o f  i n t e re s t  t o  no:e t h a t  t h e o r e t i c a l  s t u d i e s  of 

t h e  e r r o r  i n t r o d u c e d  by t1.o f i n i t e  d i f f e r e n c e  approx ima t ion  i n  

t h e  c r o s s  s p e c t r a l  f o r m u l a t i o n  of  t h e  a c o u s t i c  i n t e n s i t y  f o r  t h e  

c a s e  of  monopole, d i p o l e  and quadrupo le  f i e l d s  have been made by 

o t h e r  r e s e a r c h e r s  a t  t h e  H e r r i c k  L a b o r a t o r i e s  ( 3 , 4 1 0  Of these 

f i e l d s ,  t h e  l a r g e s t  e r r o r  i n  t h e  low f r equency  r e g i o n  seems t o  

o c c u r  f o r  t h e  q u a d r u p o l e  f i e l d .  I n  t h e  wors t  c a s e ,  t h e  f o l l o w i n g  

g u i d e l i n e s  for t h e  probe  geometry  and d i s t a n c e  t o  s u r f a c e  and f o r  

a n  a c c u r a c y  w i t h i n  1 . 5  dB were proposed:  
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0.1 < k A r  < 1.3 8 0 < At/r - < @ o s  8 

where k is t h e  wave number, A r  is t h e  microphone s p a c i n g  and r 

t h e  d i s t a n c e  between t h e  s u r f a c e  and t h e  geometrical c e n t e r  of 

t h e  probe. With a s p a c i n g  o f  74 mm, t h e  lower f r e q u e n c y  l i m i t  is 

close t o  75 Hz. Most o f  t h e  s c a n n i n g  was done a t  Ar/r P 0.7. 

Although t h e  r a d i a t e d  f i e l d  is presumably more c o n p l i c a t e d  t h a n  

t h a t  o f  a quadrupo le ,  i t  is i n t e r e s t i n g  t h a t ,  a t  l e a s t  i n  t h i s  

measurement 8 t h e  s u g g e s t e d  g u i d e 1  i n e s  proved q u i t e  u s e f u l .  

In  summary8 i t  seems poss ib le  t o  measure t h e  t r a n s m i s s i o n  

loss of  pane l  s t r u c t u r e s  by use of t h e  a c o u s t i c  i n t e n s i t y  t ech -  

n i q u e  even f o r  " p u r e  t o n e  e x c i t a t i o n . "  The performance i n  t h e  

lower f r e q u e n c y  r e g i o n  f o r  t h i s  t y p e  o f  e x c i t a t i o n  is improved if 

t h e  microphone s p a c i n g  is i n c r e a s e d .  U n t i l  o t h e r  g u i d e l i n e s  have  

been proposed and c a r e f u l i y  examined, i t  is s u g g e s t c d  t h a t  t h e  

a forement ioned  g u i d e l i n e s  a r e  used.  C e r t a i n l y ,  w i t h  a h i g h e r  

n:icrophct.--, s e n s i t i v i t y ,  b e t t e r  r e s u l t s  c a n  b e  a n t i c i p a t e d ,  so t h e  

a p p l i c a t i o n  of t h e s e  q u i d e l i n e s  s h o u l d  be combined w i t h  t h e  u s e  

o f  s e n s i t i v e  microphones such  a s  t h o s e  used i n  t h e  p r e s e n t  

r e s e a r c h  work .  

3 .  - -  Rf'fhTION EFFICIENCY OF A CLAMPED HOMOGENOUS A L U M I N U M  PANEL 

In  t h e  SEA modeling of t h e  pane l  s t r u c t u r e s  (homogeneous, 

composi te  and s t i f f e n e d  p a n e l s )  p r e s e n t e d  i n  t h e  p r e v i o u s  Annual 

Rtbpott fo: N A S A ,  Maidanik ' s  e x r r t t s s i o n  for t h e  r a d i a t i o n  reSiS- 

t a n c e  was used.  I n  o r d e r  t o  c h e c k  t h e  v A l i d i t y  o f  t h e  p r e d i c t e d  

i a l u e s  of t h e  r a d i a t i o n  e f f i c i e n c y  u s i n g  t h i s  e x p r e s s i o n  f o r  t h e  
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case o f  a i r b o r n e  e x c i t a t i o n ,  t h e  r a d i a t i o n  e f f i c i e n c y  o f  the 

homogeneods aluminum p a n e l  was s t u d i e d .  A c o m p u t a t i o n  o f  t h e  

r a d i a t i o n  e f f i c i e n c y  L e q u i r e s  a knowledge of t h e  space-averaged  

and t ime-averaged r a d i a t e d  power and s u r f a c e  v e l o c i t y .  

The r a d i a t e d  power was measured w i t b  t h e  acoustic i n t e n s i t y  

t e c h n i q u e .  An i n t e r a c t i v e  keyboard program f o r  t h e  HP 5451C FFT 

sys t em was developed  t o  measure t h e  s r l r f a c e  v e l o c i t y .  Once the 

r a d i a t e d  power and s u r f a c e  v e l o c i t y  had been measured i n  nar row 

bands ,  t h e y  were o n e - t h i r d  o c t a v e  band f i l t e r e d .  A fair amount 

o f  time was s p e n t  t a  d e v e l o p  a s o p h i s t i c a t e d  F o r t r a n  program for 

t h i s  f i l t e r i n g .  By u s e  of  t h i s  r o u t i n e ,  o n l y  t h e  e n e r g y  area 

f a l l i n g  w i t h i n  s t a n d a r d i z e d  f i l t e r  s k i r t s  down t o  50  dB from t h e  

l e v e l  o f  t h e  c e n t e r  f r equency  was r e p r e s e n t e d  by t h e  computed 

; n e - t h i r d  o c t a v e  band v a l u e s .  P o s s i b l e  n e g a t i v e  v a l u e s  o f  t h e  

r a d i a t e d  power ( b e f o r e  t a k i n g  t h e  l o g  magni tude)  were exc luded  i n  

t h e  summation. Another  F o r t r a n  r o u t i n e  was wr i t t en  t o  e v a l u a t e  

t h e  r a d i a t i o n  e f f i c i e n c y  i n  bo th  narrow bands  and o n e - t h i r d  

o c t a v e  bands.  The r e s u l t s  a r e  shown i n  F i g u r e s  2 and 3. 

I t  can  be seen i n  F i g u r e  2 t h a t  t h e  r a d i a t i o n  e f f i c i e n c y  

i n c r e a s e s  wi th  f r equency  up t o  a b o u t  4000 Hz a f t e r  which i t  

d r o p s .  The  measured o n e - t h i r d  o c t a v e  band f i l t e r e d  r a d i a t i o n  

e f f i c i e n c y  t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  p r e d i c t i o n  u s i n g  

Maidan ik ' s  t h e o r y  (where 3 dB h a s  been added t o  t h e  r a t i o  i n  t h e  

Sands  below 4 kHz t o  a l l o w  f o r  clamped c o n d i t i o n s )  is shown in 

F i g u r e  3. C l e a r l y ,  t h e  measured v a l u e s  a r e  u n d e r e s t i m a t e d  by t h e  

t h e o r y .  A b e t t e r  agreement  between t h i s  t h e o r y  and measured 
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v a l u e s  f o r  t h e  c a s e  o f  mechanica l  e x c i t a t i o n  was o b t a i n e d  by 

Crocke r  [SI. The d i f f e r e n c e  i n  t h e  measured r a d i a t i o n  e f f i c i e n c y  

f o r  a i r b o r n e  and mechanica l  e x c i t a t i o n  h a s  been e x p e r i m e n t a l l y  

v e r i f i e d  by Macadam [ 6 ) .  However, t h i s  d i f f e r e n c e  was n o t  ade- 

q u a t e l y  e x p l a i n e d .  A p o s s i b l e  e x p l a n a t i o n  is a s  follows. 

I n  t h e  case o f  mechanica l  ( p o i n t )  e x c i t a t i o n  a l m o s t  a l l  

modes a r e  e q u a l l y  e x c i t e d .  S i n c e  i n  Maidan ik ' s  t h e o r y  a l l  modes 

a r e  assumed t o  be e x c i t e d  e q u a l l y ,  a f a i r  agreement  between 

t h e o r y  and expe r imen t  can be a n t i c i p a t e d  f o r  t h i s  case of  mechan- 

i c a l  p o i n t  e x c i t a t i o n .  On t h e  o t h e r  hand, when a p a n e l  is 

e x c i t e d  by a d i f f u s e  sound f i e l d ,  o n l y  modes i n  t h e  p a n e l  which 

a r e  well coupled  w i t h  t h e  i n c i d e n t  f i e l d  a r e  e x c i t e d .  These 

modes a r e  i n  t u r n  e f f i c i e n t  sound r a d i a t o r s  and t h u s  r a d i a t e  w e l l  

i n t o  s p a c e .  T h u s  c o n s i d e r i n g  two p a n e l s  exci ted by a d i f f u s e  

f i e l d  and by p o i n t  e x c i t a t i o n ,  t h e  p a n e l  exci ted by t h e  d i f f u s e  

f i e l d  shou ld  r a d i a t e  more e f f i c i e n t l y  t h a n  t h e  p o i n t  e x c i t e d  

p a n e l .  

4 .  FURTHER WORK 

Some time was s p e n t  t o  c o l l e c t  more d a t a  on t h e  sound 

t r a n s m i s s i o n  i n t o  a s m a l l  e n c l o s u r e .  T h i s  h a s  n o t  been p rocessed  

y e t .  A method o f  u t i l i z i n g  t h e  a c o u s t i c  i n t e n s i t y  t e c h n i q u e  t o  

measure t h e  i n t e r n a l  l o s s  f a c t o r  is i n  an i n i t i a l  s t a g e  of  

deve lopment .  Most of  t h e  s o f t w a r e  ( i n c l u d i n g  s e v e r a l  keyboard 

programs and F o r t r a n  r o u t i n e s  on t h e  HP 5 4 5 1 C  FFT) h a s  been 

d e v e l o p e d ,  and is t o  be t e s t e d ,  when t i n e  p e r m i t s .  A q u i t e  
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extensive literature on transmission loss theories, SEA modeling 

and the acoustic intensity technique was also written up at the 

end of the period from April to October 1981. 
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